Old age and diabetes are risk factors that often coexist increasing the vulnerability of the heart to the lethal effects of ischaemia-reperfusion injury (IRI). However, to our knowledge, no investigations have examined IRI and cardioprotective signalling in animal models bearing these co-morbidities concomitantly. The ability of the heart to recover following IRI is greatly dependent on its innate cardioprotective potential, in which a central role is played by Akt. We aimed to investigate in an aging diabetic rat model, the susceptibility of the heart to IRI, the achievability of ischaemic preconditioning (IPC) against this lethal event, and the changes in Akt signalling, as the main prosurvival intracellular pathway.
Introduction
Both aging and type 2 diabetes mellitus (T2DM) are recognized risk factors for heart failure, associated with an increased prevalence of ischaemic events and poor clinical recovery following acute myocardial infarction (AMI). 1, 2 Given the worse clinical outcomes in old, diabetic patients with ischaemic heart disease, novel therapeutic strategies for protecting the heart against the detrimental effects of acute IRI are required to improve clinical outcomes in this patient group. Surprisingly, there are limited investigations using animal models exhibiting both these co-morbidities, the reasons for this are unclear and may be a consequence of the costs associated with the maintenance of an aging, diabetic colony. Studies investigating cardioprotection in aging, diabetic models could provide a vital link in the translational process of basic research into clinical practice. There has been great discrepancy between clinical and animal data, regarding either the susceptibility of the diabetic heart to ischaemia-reperfusion injury (IRI) or the ability to condition the heart against this lethal event. 3 In normoglycaemic young animal models, the role of pro-survival PI3K/Akt (protein kinase B) signalling in endogenous cardioprotection against IRI has been well documented, first, as an antiapoptotic kinase 4 and secondly, as a key element of the reperfusion injury salvage kinase (RISK) pathway that is initiated following ischaemic or pharmacological conditioning. 5 This signalling pathway has been reported to be defective in the diabetic myocardium, with an impaired level of basal Akt phosphorylation seen in both diabetic animal heart tissue 6 and human tissue, 7 compared with non-diabetic. This impairment could lead to a plethora of detrimental effects on the balance of anti-and pro-apoptotic intracellular signalling, potentially rendering the diabetic heart more susceptible to AMI. Surprisingly, Fazel et al. showed that diabetic patients presenting in the clinic with AMI had similar or lower release of cardiac markers of injury, such as troponin or creatinine kinase myocardial band, which suggested a smaller infarction. However, these diabetic patients exhibiting lower levels of infarct markers experienced worse clinical outcomes compared with the nondiabetic patients. 8 Based on these apparent contradictory data, we hypothesized that the diabetic heart may develop smaller infarcts, but could be more susceptible to ischaemic damage, i.e. the threshold at which infarct size translates into worse clinical outcomes is lower for diabetic patients. Furthermore, this increased susceptibility could be related to modified levels of endogenous phosphorylated-Akt levels in the aged, diabetic heart. Using an inbred lean model of T2DM, Goto-Kakizaki (GK) rat and its original source, the normoglycaemic Wistar rat, at different ages (between 3 and 18 months), we aimed to determine whether the aging, diabetic heart was (i) more susceptible to ischaemic damage and (ii) amenable to cardioprotection by IPC. Based on the data we obtained from these initial experiments, we further investigated the potential signalling systems which could affect the endogenous cardioprotective abilities of the heart with age and diabetes. In this regard, we initially assessed the activation of Akt by phosphorylation, and subsequently, we evaluated the levels of PGC-1a (a key transcriptional regulator) and catalase (an indicator of anti-oxidant defence), which can both be directly or indirectly controlled by Akt.
Methods

Animals
Male GK rats (a mild, non-obese, insulin-resistant diabetic model 9, 10 were measured at least 48 h prior to excision of the heart to avoid the up-regulation of cardioprotective stress proteins. 11 Body weight and heart weight were recorded on the experimental day.
Langendorff isolated heart perfusions
For determination of infarct size, GK and Wistar rats of 3, 8, 12, and 18 months of age were anesthetized with sodium pentobarbital (55 mg/kg intraperitoneally) and heparin (300 IU). Hearts were rapidly excised; the aorta located and cannulated, allowing for retrograde perfusion with Krebs-Henseleit buffer on the Langendorff system, in constant pressure; method described in detail. 12 A latex, water filled balloon was inserted into the left ventricle to measure functional parameters, heart rate (HR), and left ventricular developed pressure (LVDP), used to calculate workload of the heart, also known as rate pressure product (RPP). For infarct analysis (n ¼ 6 per group), hearts were randomly assigned to receive sub-lethal (20 min regional ischaemia), lethal (35 min regional ischaemia), or IPC (three cycles of 5 min ischaemia/10 min reperfusion prior to lethal ischaemia), all followed by 60 min reperfusion (summarized in Figure 1 ). Regional ischaemia was induced by tightening of a snare around the left anterior descending coronary artery and reperfusion by releasing the snare. Infarct size was measured after re-tightening of the snare and infusing Evans blue dye (0.25%) to delineate the myocardium at risk. Hearts were then sectioned transversely and stained by immersion in triphenyltetrazolium chloride solution (1% in phosphate buffer), which reacts with intracellular dehydrogenases in viable tissue forming a red precipitate, leaving the necrotic tissue off-white. The slices were then fixed in 10% formalin overnight and scanned into the computer for analysis. Image J was used to calculate the volume of infarction within the risk zone (I/R%).
Western blot analysis
Western blot (WB) analysis samples were collected to assess protein expression and activation in aging, non-diabetic and aging, diabetic hearts.
Hearts from 3-to 18-month-old GK and Wistar rats were collected at baseline (following 2 min on the perfusion apparatus to clear blood) or following three cycles of IPC ((n ¼ 3 per group, protocols summarized in Figure 1C ). At the end of the procedure, the hearts were immediately freeze-clamped in liquid nitrogen and frozen at 2808C. For analysis, the heart samples were homogenized in phosphate-buffered saline-based buffer (pH 7.4) containing Calbiochem protease inhibitor cocktail III ethylenediaminetetraacetic acid (EDTA) free (1:1000), Sigma phosphatase inhibitor cocktail III (1:100), and EDTA 1 mM. Protein content was then determined using bicinchoninic acid protein assay reagent (Sigma, UK) and protein levels corrected accordingly to ensure equal protein loading. Equal volumes of heart homogenate were added to Laemmli lysis buffer (Sigma) containing 5% b-mercaptoethanol and were denatured by heating to 80-908C for 10 min. Baseline samples were assessed for phosphorylated-Akt (Ser-473) (Akt-P), total-Akt (Akt-T), PGC-1a, and catalase expression. IPC samples were assessed for phosphorylated-Akt (Ser-473) and total-Akt using WB analysis as described in detail previously. 12 Akt-P, Akt-T, and catalase antibodies were purchased from Cell Signaling, UK, PGC-1a was purchased from Santa Cruz Biotechnology and a-tubulin (used as a loading control) purchased from Abcam, UK.
Measurement of free radicals in heart tissue
Intracellular reactive oxygen species (ROS) and reactive nitrogen species (RNS) are well-known molecules that play a vital role in disrupting cellular signalling during oxidative stress. 13 Experiments were performed using the 
Electron microscopy
For electron microscopy (EM) visualization of mitochondria in the aging and/ or diabetes, hearts from the 3-and 18-month-old Wistar and GK rats were collected at baseline (following 2 min on the perfusion apparatus to clear blood) and immersed in EM fixative (n ¼ 4 per group). To analyse mitochondrial appearance, the heart samples were coded and two ultrathin sections from each heart were prepared by a blinded operator. The sections were viewed with a Joel 1010 transition electron microscope (Joel Ltd, Warwickshire, UK). Between 6 and 8 electron micrograph photos of interfibrillar mitochondria (IFM) were taken from each section. Subsequently, the codes were revealed and the change in patterns analysed.
Statistical analysis
Values are presented as mean + standard error mean (SEM). For statistical comparison between two groups, Student's t-test was used; for comparison of more than two groups, data were analysed by one-way analysis of variance (ANOVA), followed by a Tukey post hoc comparison using GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, CA, USA). Differences within the data were considered statistically significant when P , 0.05.
Results
Blood glucose and HbA1c
Clinically, patients are considered diabetic with HbA1c reading of .48 mmol/mol. However, due to rapidly expanding blood volumes in young growing animals, the HbA1C fraction may be kept 'artificially' low by the constant expansion of red cell numbers. Therefore, in our study, the diabetic status was considered at HbA1c values of .40 mmol/mol, a status achieved at approximately 8 months of age in the GK rat. Blood glucose and HbA1c levels increased with age in the GK rat (P , 0.05). In the 3-month age group, blood glucose levels were within diabetic range (9.6 + 0.4 mmol/L); however, HbA1c was within the non-diabetic threshold (23.7 mmol/mol). GK rats had higher blood glucose and HbA1c levels than their counterpart Wistars, with the exception of the 3-month GK group having similar HbA1c levels to the 3-month Wistar group. Data are summarized in Figure 2A and B.
Phenotypic changes associated with age and diabetes
The diabetic GK rats were lighter than the non-diabetic Wistar rats in all age groups; however, their heart/body weight ratio (HW/BW%) was significantly greater (P , 0.001). HW/BW% decreased significantly in the Wistar rats over time (Pearson R 2 0.97; P ¼ 0.013), driven by a large increase in body mass; this trend was absent in the GK rats (Pearson R 2 0.03; P ¼ 0.82), whose body mass stayed relatively constant after the age of 8 months ( Figure 2C ). These parameters are also summarized in Table 1 . More in-depth investigations using EM showed that the appearance and the organization of mitochondria in the aged, diabetic heart are different when compared with the young pre-diabetic rat heart. An IFM in the 3-month-old, pre-diabetic heart appeared organized and more elongated, whereas in the aged, diabetic heart (18 month old) the mitochondria were unorganized and more spherical in shape. The IFM in the 18-month-old Wistar heart appeared less organized than the younger age groups; however, more organized than the old diabetic heart. Representative pictures are shown in Figure 3 .
Age and diabetes contribute to susceptibility to infarction
We compared infarction that developed after 20 and 35 min of ischaemia followed by reperfusion. In our model, 20 min regional ischaemia is not sufficient to develop a significant infarct in normoglycaemic hearts. In fact, this model is often used to investigate stunning 14 and not cell death. The 'pre-diabetic' 3-month GK rat hearts were less vulnerable to a 20 min ischaemic insult (I/R%: 30 + 4.3) than to a longer 35 min ischaemic insult (I/R%: 46.6 + 4.1). However, the 8-month-old GK rat heart following both 20 and 35 min ischaemia developed a similar infarct (I/R%; 35.5 + 2.5 vs. 39.4 + 2.3, P ¼ NS). Similar data were obtained in the 12-and 18-month age groups, which developed comparable infarct sizes following both 20 and 35 min ischaemia: I/R% was 43.2 + 3.7 (20 min) vs. 42.0 + 3.9 (35 min) (P ¼ NS); I/R% 55.5 + 4.7 (20 min) vs. 62.1 + 6.0 (35 min), (P ¼ NS). Interestingly, at the oldest age, the infarct sizes were significantly greater compared with the younger age groups (39.4 + 2.3%, 42.0 + 3.9, vs. 62.1 + 6.0, P , 0.005). Data are summarized in Figure 4A . In contrast, the non-diabetic Wistar rat hearts subjected to 20 min of ischaemia in 3-, 8-, and 12-month age groups developed significantly less damage, compared with 35 min ischaemia. However, in the 18-month group, there is no significant difference in the infarction following 20 or 35 min ischaemic insult. Data are summarized in Figure 4B . These data seem to indicate that the age-induced susceptibility to infarction is manifested earlier in the diabetic rats.
Impairment of cardiac function in the aging, diabetic heart
Functional parameters of the isolated hearts were monitored throughout the experimental protocol, but for clarity purposes, only the 3-and 18-month GK and Wistar groups are shown. The 18-month diabetic group had a significantly lower HR and LVDP, leading to a reduced RPP output during stabilization compared with the 3-month diabetic group. At the end of reperfusion, LVDP in the 3-month group recovered to 70% of the baseline compared with only 49% recovery in the 18-month group. Data are summarized in Figure 5 . Interestingly, in the non-diabetic group, no significant differences in cardiac function were noted between 3 and 18 months. Data are summarized in Figure 6 .
Cardioprotective effect of ischaemic preconditioning is lost in the aged, diabetic heart
In both rat strains at 3 and 8 months of age, the ischaemic preconditioning (IPC) protocol we used was successful in limiting the damage caused by 35 Body mass was recorded prior to excision of the heart. Heart mass was measured following isolated Langendorff heart preparation. Data are represented as mean + SEM, n ≥ 18. *P , 0.05 vs. counterpart Wistar at each age group. One-way ANOVA was used to determine statistical significance. Figure 2 Biological and phenotypic changes in the aging and diabetic heart (A). Fasting blood glucose levels (Accu-chek system, Roche) and (B) HbA1c
(A1C now+ test kit. Bayer, UK) were taken at least 48 h prior to excision of the heart. Data are shown as mean + SEM, n ≥ 10. **P , 0.005, ***P , 0.001 vs. 3-month GK measurements. One-way ANOVA and Tukey's post hoc analysis were used for statistical analysis between all groups. (C) Heart/body weight ratio (HW/BW%) was calculated following the experimental investigations. Data were analysed using Pearson's regression analysis.
compared with control groups (P , 0.005 for all groups vs. their respective controls). At 12 and 18 months of age, the non-diabetic heart was protected by IPC, albeit to a less extent in the 18-month group (38.2 vs. 25% reduction in infarct size). However, the diabetic heart was not amenable to preconditioning protection in either the 12-or 18-month groups (I/R% for the 12-month group, 42.0 + 3.9 vs. 46.9 + 5.5 and I/R% for the 18-month group, 62.1 + 5.9 vs. 69.1 + 4.3, P ¼ NS; Figure 4C and D).
Age alters the expression and activation of key pro-survival signalling proteins in the diabetic heart
Akt is essential for cardioprotection via IPC. IPC induces Akt phosphorylation, 5 therefore activation, and in this state the enzyme is cardioprotective via its multiple anti-apoptotic actions 15 and anti-necrotic actions. 16 Surprisingly, a progressive rise in baseline Akt phosphorylation was seen in the aging GK rat heart, with a significant increase observed at 18 months compared with 3 months (Arbitrary units (A.U.): 1.3 + 0.2 vs. 0.4 + 0.3, P , 0.05). Furthermore, in the 18-month group, IPC failed to increase Akt-P above baseline levels ( Figure 7A ). Downstream to Akt-P, an age-related decrease was seen in the expression of PGC-1a (A.U.: 2.9 + 0.3 at 3 months vs. 0.8 + 0.01 at 18 months). Moreover, the expression of catalase, an anti-oxidant enzyme, which can be transcriptionally regulated by PGC-1a, 17 and catalyses the breakdown of H 2 O 2 was extremely low in the 18-month age group ( Figure 7B and C). Interestingly, in the 18-month non-diabetic heart, Akt phosphorylation was also increased compared with the 3-month group. However, following IPC, phosphorylation was significantly lower than baseline. The expression of PGC-1a was reduced in these hearts, but not to the same extent as the diabetic heart. Moreover, no difference was seen in catalase levels ( Figure 8 ).
Oxidative stress is increased in the aged, diabetic heart
Oxidative stress caused by an excessive accumulation of ROS or RNS are implemented in myocardial injury. 13 We found that basal levels of H 2 O 2 and RNS were significantly increased in the 18-month diabetic heart compared with the 3-month diabetic heart ( Figure 7D and E), whereas no significant changes were noted in the aging, non-diabetic heart ( Figure 8D and E).
Figure 3
Mitochondrial organization is compromised in the aged, diabetic heart. Basal samples demonstrating mitochondrial appearance and organization within the aging and aging-diabetic hearts using EM. In the 3-month GK heart and 3-month Wistar heart, mitochondria appear elongated and organized along the interfibrillar bands of the cell (A and B). In comparison, in the 18-month GK hearts, a loss of mitochondrial organization and more spherical-shaped mitochondria is seen (C ). In the 18-month Wistar heart, mitochondrial is still organized and elongated but to a lesser extent than the younger groups (D).
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Discussion
Despite the clinical data suggesting that the diabetic heart is more susceptible to acute ischaemic damage, 18 the animal data have been conflicting with experimental studies showing more, 19 -22 equal, 23 -25 or less 6,26 -29 sensitivity to this injury. These controversies were the subject of discussions and reviews; however, there is no general consensus in this matter as yet. 3, 30 In our opinion, one of the main contributors to this confusion could be due to the choice of the experimental models.
As far as we know, this is the first study which investigated the myocardial IRI and cardioprotection in a model exhibiting concomitantly two aggravating factors: diabetes and age. In the GK rat model, as in humans, diabetes develops in time, becoming further established with age; 31 however, there has been limited investigations of myocardial IRI in this setting. In parallel with the clinical setting of diabetes, our data demonstrate that the older diabetic hearts were more susceptible to ischaemia: infarct size was increased in response to a shorter ischaemic insult in diabetic adult and aged hearts, and the older hearts developed larger infarcts compared with the non-diabetic hearts. Furthermore, this is the first study that has shown that an increased stimulus of IPC previously shown to protect the young diabetic and aged non-diabetic heart is unsuccessful in a producing a cardioprotective effect in a model exhibiting both old age and diabetes. We found that basal phosphorylation of the pro-survival kinase, Akt, was up-regulated in these old, diabetic hearts, and could not be further activated following IPC. These changes seem to be attributed to aging in combination with diabetes following the observations that the aging, non-diabetic heart exhibited a different response to IRI and IPC protocols, alongside dissimilar protein expression and activation. It is largely accepted that Akt activation by phosphorylation is strongly implicated in the cardioprotective response to IRI, 32 and that this signalling cascade leads to inhibition of mitochondrial permeability transition pore opening, 6 reducing the necrotic effects of reperfusion. However, it is clear that the increase in baseline Akt-P we saw within the aging, diabetic heart did not serve a cardioprotective role in this setting. Interestingly, the aged, non-diabetic heart also demonstrated an increased phosphorylation of Akt at baseline compared with its 3-month counterparts. It is worth pointing out that, in spite of the fact that acute Akt phosphorylation could play a crucial role in the survival of a stressed cell, 15 it has been shown that a chronic increase in basal phosphorylation of Akt may have detrimental effects. One of these effects was described by Hunter et al. 33 who suggested that a chronic increase in Akt Figure 4 The susceptibility to sub-lethal ischaemia and the effectiveness of IPC on infarct size in the setting of aging and diabetes. Infarct size is expressed as the ischaemic volume within the area at risk of the left ventricle (I/R%). Hearts were either stabilized for 40 min and subjected to 20 min (black bars) or 35 min (white bars) of coronary artery occlusion followed by 60 min reperfusion or subjected to three cycles of 5 min ischaemia/reperfusion, then subjected or 35 min of coronary artery occlusion followed by 60 min reperfusion (striped bars). The diabetic GK rat heart (A) exhibits an increased susceptibility to 20 min ischaemia between 8 and 18 months. Whereas the youngest GK group along with the non-diabetic Wistar rat hearts (B) are not as susceptible to shorter ischaemia. The young, diabetic GK rat hearts are still amenable to protection by IPC, however as the diabetic heart ages, IPC is no longer effective and is in fact detrimental at 18 months (C). Whereas the non-diabetic Wistar rat heart is amenable to protection by three cycles of IPC, though the effectiveness decreases with age (D) Data are shown as mean + SEM, n ≥ 6. One-way ANOVA and Tukey's post hoc analysis were used for statistical analysis between all groups. phosphorylation in aged, non-diabetic rats could induce hypertrophy. In this investigation, the HW/BW % did not increase with age in the GK rat (Table 1, Figure 2C ). Hypertrophy has been demonstrated to increase the susceptibility to IRI; 34 however, the young and aged diabetic hearts exhibit diverse responses to IPC and shortened ischaemia with similar HW/BW%. This suggests that hypertrophy alone is not responsible for these differences in this setting. Another detrimental effect of chronic Akt phosphorylation may be the indirect down-regulation of the transcriptional co-activator PGC-1a. 35 PGC-1a is a transcriptional co-activator and a key regulator of energy metabolism and mitochondrial biogenesis 36 and also regulates ROS detoxification systems. 37 Efficient control of these systems plays a vital role in increasing the tolerance of the heart to IRI; regulatory proteins such as PGC-1a allow the mitochondria to maintain its energetics and to reduce oxidative stress when subjected to IRI. 38 Interestingly, fundamental studies by Duncan 39 suggest that alterations in PGC-1a activity in the setting of diabetes could have detrimental consequences, leading to an increased susceptibility to cardiovascular disease. Our results showed an age-related decrease in PGC-1a expression in diabetic hearts, with 18-month old GK rats expressing significantly less PGC-1a compared with their 3-month counterparts. Moreover, we saw a decreased functional capacity of the heart in the 18-month-old GK rat, a possible consequence of decreased mitochondrial energetics in the heart driven by decreased PGC-1a expression. In comparison, the increased phosphorylation of Akt in the aged, non-diabetic heart was not associated with changes in these downstream pathways, suggesting that this may be a diabetes-associated phenomenon. It has been demonstrated by other groups that Akt phosphorylation can reduce the activation of PGC-1a, directly by phosphorylating PGC-1a at Ser570 35 and indirectly by inactivation of FoxO1, a stimulator of the PGC-1a promoter. 40 Interestingly, Tonks et al. 41 demonstrated that Akt phosphorylation was impaired in insulin-resistant human muscle, and that hyperinsulinaemia inactivated FoxO1 preventing its transcriptional activity. In addition, Akt has close regulatory links with other members of the FoxO family such as FoxO3. Olmos et al. 17 showed that the transcriptional regulator Foxo3b and the co-activator PGC-1a interact directly to drive the expression of antioxidant genes such as catalase supporting the down-regulation of catalase we observed in the aged, diabetic heart. It is possible that the less organized, almost spherical intrafibrillar mitochondria we saw in these hearts, is a consequence of decreased PGC-1a and catalase expression. This study focused on chronic modifications related to baseline changes in Akt phosphorylation; therefore, the expression levels of PGC-1a were not assessed following an acute IPC stimulus. One could speculate that the altered expression of PGC-1a could also result in the lack of protection seen by IPC. Interestingly, PGC-1a expression has been implicated in the protective effect of late or delayed preconditioning. 42 A main process that contributes to the damage caused by IRI is the rapid production of ROS upon reperfusion of the myocardium. 43 The availability of endogenous anti-oxidants, such as catalase, to counterbalance this release of ROS, is crucial to reduce the myocardial damage. 44 Diabetes is accompanied by an increased production of intracellular ROS, 45 and a compensatory increase in catalase. 46 However, it is suggested that the increase in the level of the anti-oxidant enzymes is likely to be insufficient to completely counteract ROS overproduction. 46 Interestingly, our results suggest that in young diabetic hearts, where diabetes is not fully established the level of H 2 O 2 and RNS are low and catalase level may be sufficient to counteract oxidative stress.
However, it appears that this anti-oxidant defence is lost with age, possibly due to the down-regulation of catalase via high Akt-P and low PGC-1a levels.
Having confirmed that differences exist between GKs' and Wistars' susceptibility to IRI across all ages, we moved on to investigate if the endogenous cardioprotective potential is also affected by age in the diabetic heart. Previously, it was demonstrated that the young, diabetic heart is still amenable to IPC protection, but the threshold is raised, therefore an increased stimulus is required. 47 Yellon and colleagues 6 found that this increased IPC stimulus was required to achieve an essential level of Akt phosphorylation necessary to mediate cardioprotection. Similar to the studies examining cardioprotection in diabetes, conditioning the aged heart has also remained a controversial issue. Yellon and colleagues 48 showed that the Sprague-Dawley aging heart required an increased IPC stimulus to elicit cardioprotection. When combining the two co-morbidities, age and diabetes, IPC protection cannot be achieved using a similar protocol. One could argue that an even higher IPC stimulus is required for protection to be elicited in these aged, diabetic hearts. However, our data showed that the 18-month diabetic hearts undergoing three cycles of IPC exhibited more damage following ischaemia than their respective control; therefore, it is unlikely that an increased stimulus would be effective. It seems that the initial increased threshold for cardioprotection observed in young diabetic hearts evolves with age towards the complete loss of this ability. We found that the basal level of phosphorylated-therefore activated, Akt was increased with age and no further increment was observed following a preconditioning protocol in aged, diabetic hearts. Interestingly, a similar increase in phosphorylated-Akt had been linked to the aged heart. 49 We also demonstrate an age-related increase in phosphorylated-Akt in the aged, non-diabetic heart. Following an IPC stimulus, however, activation of Akt was surprisingly decreased.
Hearts from the 18-month group were still protected to some degree against IRI, suggesting that, in the absence of diabetes, an alternative pathway, independent of Akt, could be activated in response to an IPC stimulus that can elicit some but not maximal protection. The upstream cause of chronic Akt phosphorylation was not investigated in this study; however, it appears that this impairment caused by insulin resistance 41 leads to detrimental outcomes, augmented in combination with old age. It is noticeable, in our opinion, that old age and diabetes associate with impact on signalling pathways that mediate IPC. We are aware that there are many possible mechanisms responsible for the loss of cardioprotection in the aging, 50 as well as in the diabetic myocardium. 51 From the network of intracellular signalling pathways that could affect the myocardial susceptibility to infarction, we focused our study on Akt which is a key regulator of survival in general and of myocardial preservation following IRI , in particular. The GK rat model is representative of a lean, normotensive model of diabetes, and therefore does not provide a platform to assess the potential implications of other co-morbidities such as hypertension 34 or hypercholesterolaemia/hyperlipidaemia, 52 previously shown to impact on IRI. The non-diabetic, Wistar rat accumulates body weight with age, but does not appear to develop severe hyperglycaemia. The subtle differences between the aged Wistar and GK rats may suggest that diabetesindependent factors also contribute to damaged caused by IRI.
In conclusion, we report an increased susceptibility of the aged, diabetic rat heart to IRI and the inability of these hearts to be preconditioned against this insult. We suggest that one of the major causes of these negative outcomes is the chronically augmented phosphorylation of Akt in the aged, diabetic myocardium, which may lead to detrimental downstream effects such as the down-regulation of PGC-1a and catalase, leading to compromised defence against oxidative stress. Moreover, there is no biochemical reserve for sufficient additional Akt phosphorylation to be activated by preconditioning, and hence this form of cardioprotection is lost. Further experimental exploration of signalling deficits in the aged, diabetic heart could support the development of more clinically applicable conditioning strategies, such as pharmacological, remote, or post-conditioning against IRI. 
